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INTRODUCTION

This is the first annual report of the study entitled “The Physiology of Acute Mountain
Sickness in Women.” It describes the established methods and those results which are
available to date. An abstract, essentially as submitted with the initial contract application in
November of 1995, describes the overall objectives:

“Women are becoming more prevalent as military personnel, but we lack basic
knowledge about their physical and mental performance at high altitude. Military personnel
deployed to high altitudes will be exposed to the hazards of hypobaric hypoxia and a
significant number are at risk to develop acute mountain sickness (AMS). The deleterious
impact of AMS on military operations has been demonstrated in both experimental studies and
actual conflict. However, very few laboratory or field studies have examined AMS in women.
Also, no laboratory studies have compared the responses of women and men exposed to high
altitude. Thus, as more women are included in a wider variety of Army units, AMS can
potentially result in a significant loss of unit strength and could jeopardize the accomplishment
of a unit's mission. We are planning to study the effects of the menstrual cycle and oral
contraceptive use in women on AMS and compare the results with men. The measurements
for comparison will focus on fluid balance and distribution, including brain scans for cerebral
edema, ventilatory and circulatory responses, autonomic nervous system function and
cognitive function. In the past two years, in related studies, we have collected important data
that began to address each specific aim and established that we are capable of the careful
execution and analyses of the proposed study. This study will make a major contribution to the
understanding of the requirements of female soldiers and other military personnel who may be
exposed to high altitude.”

The research performed to date may seem somewhat inadequate, considering the
planned number of subjects to be tested in the 3-year span of the contract. To date the data
collection is about 12% of the total proposed. The reasons for this apparently slow start are
many and constitute the majority of the work done the first year: a) resolving the final test
procedures to be employed and obtaining the required equipment and supplies and pretesting
these in pilot studies, b) finalizing and streamlining procedures and logistics required for this
particular study, because they deviate from studies we have done in the past, c) upgrading the
altitude chamber facility, d) hiring personnel and training them to perform the necessary tasks,
e) obtaining IRB approval for the many test procedures from a number of organizations, f)
working out arrangements for the various suibcontrécts and g) streamlining the methods of

obtaining volunteers and selecting subjects.. We are now in a position where the experiments




are running smoothly and the pace of data collection is increasing in order to accomplish the

proposed tasks in the time frame originally stated.
BODY

A. Experimental Methods and Procedures:

In order to give a realistic overview of the experimental Ioglstucs test procedures and
methods as they are now established and performed we summarize below the general
instructions for the study as we present them to potential subjects during our initial contact with

them:

Logistics: You will meet with certain members of the scientific staff a number of times
before the altitude experiments to receive information, a medical examination and to practice
laboratory tests. These tests have been finalized as a result of preliminary testing by the
scientific team on themselves to optimize the protocols. You will eventually be scheduled for a
2-day block of experiments. Prior to this 2-day block you will make at least three more visits to
this facility.

Men will complete one 2-day block. Women will complete two 2-day blocks, one in the
follicular and one in the Iuteal phase, and perhaps a third when you are on oral contraceptives.
Details of how we will determine these menstrual phases will be described to you.

All tests will take place at the altitude chamber laboratory. For the 2-day protocol, on
the first day (Control day) you will report to the altitude chamber laboratory, where you are
now. You will report to the chamber at 1 00 PM for certain measurements, after having
followed specific instructions, regarding your fluid intake and eating, and remain with us for the
rest of the day, doing various test procedures, followed by the magnetic resonance imaging
(MRI) exam at the nearby VA Medical Center. After this you will go home and then report to
the altitude chamber early the next morning. This day (Chamber day) you will spend at an
altitude equivalent to 16,000 feet (barometric pressure = 426 mm Hg) in the chamber. After 12
hours in the chamber (or less if your symptoms of altitude sickness are unusually severe), you
will be transported to the VA Medical center for another MRI. During this time of transport from
chamber to MRI you will be breathing a gas mixture through a face mask that keeps your lung
and blood oxygen level approximately what it was in the chamber (13.5% oxygen). Below are
summarized the main test procedures that will be performed.

Eating: Somewhat regulated for 3 days before the study, basmally minimizing unusual
deviations from your normal diet. The supplied food listed below will be obtained by a
nutritionist, based on a detailed normal diet and eating record you will supply for us weeks
before the study. Pre-Control day -supplied dinner, Control day (day before the altitude
chamber day) -supplied breakfast, lunch, snack and dinner, Altitude chamber day -supplied
breakfast, lunch and snack.

Water or fluid intake: Specific mtake {slight oveﬂoad which will increase frequency of
urine voiding) on Control day with minimal variations allowed, based on individual
requirements. Specific intake (slight overlogd) on Altitude chamber day with few options.



Cognitive tests: Logic, problem solving and reaction time tests taken on a keyboard at
specific times. These will be practiced before the 2-day testing during the preliminary visits.

Symptom questionnaires: Questions about how you feel. These will also be practiced
before the 2-day testing.

Blood pressure and Heart rate: Taken periodically with automatlc arm cuff and also
recorded by ECG.

Spirometry: Breathing tests done at specific times to measure vital capacity and how
fast you can exhale on a single breath. §

Breathing measurements: Periodically made to measure the rate and depth of resting
breathing. Measured by breathing through a tube with mouthpiece attached. This will also be
practiced.

Fluid Balance: The amount of fluid you drink and the amount of urine you eliminate will
be measured at precise times throughout both days. Other fluid compartments will be
measured as listed below:

Deuterium oxide- this is a naturally occurring isotope of water. You will drink 10 mls of
this at a specific time once on each of the two days. It is cleared from your body over time by
your natural body water turover. Periodic blood samples taken and measured allow us to
determine your total body water.

Sodium Bromide- this is a salt solution (NaBr) You will drink 2 grams of this, which is
dissolved in the deuterium oxide and regular water, at a specific time once on each of the two
days. This substance is also cleared from your body by electrolyte turnover. Blood samples
allow us to determine your extracellular water.

Evans blue dye- this is a dye which attaches to the albumin in your blood plasma. You
will receive one injection of 12 milligrams mto an arm vein at a specific time on each of the two
days. It is removed from your body by your liver in about 36 hours. The dye concentration in
your blood allows us to measure your pIasma volume.

Venous blood: Numerous substances will be measured in your blood. Before the
control day this blood will be obtained from a single “stick” in your arm on one or more days to
obtain your hormone levels and for blood screening purposes. On the control day a catheter
will be inserted into an arm vein because a number of samples are required. On the chamber
day the catheter will be inserted in your arm in the moming and left in all day to provide a
convenient and painless method to obtain the numerous samples required throughout the 12-
hour altitude exposure.

Arterial blood: On the control day one arterial sample will be obtained in the late
afternoon. On the chamber day two arterial blood samples will be obtained from you, one
early during the exposure and one near the end. Each time, a needle will be inserted into a
femoral (leg), brachial (upper forearm) or radial (wrist) artery by a physician. This will be done
after a local anesthetic agent is given at the chosen site. The sampling needle will remain in
place only long enough to obtain the blood sample

MRI (Magnetic Resonance Imaging): In this test you will be lying quietly on your back
inside of a whole-body magnet. A magnetic field will be supplied to your body and this allows
images to be obtained of your head. We wnsh to see whether altitude exposure will result in
changes in the water content of certain heéad structures and thereby contribute to particular
symptoms of acute mountain sickness.

Other tests: Prior to the altitude exposure day, other tests will be done. Some are
repeated for practice to allow you to respond in a “natural “ fashion later. Results of these
tests may correlate with how well you do at altitude. Most of these tests will be done on the
days preceding the Control day during your preliminary visits. These tests are the following: a)
maximum exercise test on a bicycle, b) cold;pressor test - measuring your heart rate and blood
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pressure in response to placing your hand in ice water for 5 minutes, c) ventilatory response
tests to hypoxia and carbon dioxide - you will breathe on a system that gradually lowers your
lung and blood oxygen or raises your lung and blood carbon dioxide over a period of 5 to 10
minutes and we measure how much your breathing increases in response to these stimuli, d)
altitude symptom scores, e) cognitive (mental) tests and f) personality or “mood” status
questionnaire.

More specifically, the exact variablesg obtained and the times that the measurements
are made are presented below. Appendix 1 is a detailed chronological list of the
measurements as they are taken, used as our working guide.

Abbreviations:

ECW: extracellular water

PV: plasma volume 3

TBW: total body water
D,0: deuterium oxide
GFR: glomerular filtration rate
TCER: transcapillary escape rate 5

LL: Lake Louise AMS symptom questionnaife

ESQ: environmental symptoms questionnaire

VA: visual analog test of symptoms |

elect: Na+, K+

6 hormones: epi, norepi, aldo, ANP, ADH, PRA

PD: plasma density

PP: total plasma protein

CPT: cold pressor test :

HVR: hypoxic ventilatory response test (poiﬁilocapnic and isocapnic)

HCVR: hypercapnic ventilatory response test

General |

These measurements assume that the exposure on the chamber day to 426 mm Hg
(=16,000 ft, according to West (1)) will be for exactly 12 hours. In the event that the decision is
made to curtail a run, because of intolerablc—:‘E AMS or for other reasons, the measurements or
procedures scheduled for 4:00 PM will be started immediately and NaBr and D,O samples will
be collected before, or after leaving the chamber if necessary, at appropriate times. This
schedule assumes that 3 hrs are required for the ECW-NaBr test (one sample after 3 hrs) and
3 hrs are required for TBW-DZO (one sample after 3 hrs) and that 30 min minimum are needed




for the PV-Evans blue test (3 samples at 10 min intervals) and that TCER-Evans can be
obtained from a 3 hr slope of Evans (3 early samples and additional samples after1,2and 3
hrs). Water intake will equal urine output beginning at time zero and matched every 3 hrs.
GFR will be estimated from creatinine clearance. Respiratory measurements include Vg, end-
tidal O, and CO,, VO,, VCO; and R and arterial samples include P,CO;, P.O,, S,0,, pH and
Hb. Arterial samples will be obtained from a single needle stick at the 2 times indicated (and
once on the control day).

One Month or more before experiments (Women)

Menstrual cycles are determined by é combination of interview, dates of menses and
daily recording of oral temperature (taken in the morning). When this is determined and the
subject is tentatively scheduled one or more' months in advance, the projécted date of the LH
surge is confirmed with an LH kit by the subject. The time period of elevated progesterone in
the luteal phase is usually determined in the cycle before the one in which experiments are
done by blood progesterone assays. The 4th day following the LH surge will probably be the
day the control day testing (preceding the chamber day) will be scheduled on the next cycle,
depending on subject’s cycle history and other blood progesterone fluctua'tions measured
periodically in weeks preceding actual expenments
Second, Third and Fourth Subject Visits (the 4th visit should be at least one week before
the chamber day) : ‘

-Turn in consent form, blood sample taken for screening, iron and iron binding

-History and physical exam

-Subject brings 3-day food record

-Give out LH kits and instructions, if female

-Practice cognitive tests at least 8 times duriing visits 2, 3 and 4. A total of 8 practice runs must
be performed before the control day

-Maximum exercise test. Borg and pain scale are given during test

-Practice ventilatory response tests. Practice poik, iso and HCVR. These are to be given on
control day in order of: HVRpoik (twice) HVRiso, HCVR, 3 breaths N, (twice) and 3 breaths O,
(once).

Two days before control day

Subject maintains average daily lifesftyle and eats normally. The Na+, K+, calories, fat,
protein and carbohydrate as given for diet récords. These are matched by the food given the
subject on the control and altitude day.




TIME OF MEASUREMENTS
Day 1: Control day, Day 2: Altitude day
Food: Day 1: 6:30 AM, 11:00 AM, 3:30 PM, 9:00 PM

Day 2: 5:30 AM, 11:00 AM, 3:30 PM
Weight: Day 1: 1:00 PM, 4:00 PM, 7:00 PM

Day 2: 7:00 AM, 10:00, 1:00 PM, 4:00 PM, 7:00 PM
Body Temp: Day 1: 7:00 PM

Day 2: 7:00 AM, 1:30 PM, 7:00 PM

HVR and HCVR: on control day afternoon
3-breath tests: on control day afternoon and after 1, 6, and 12 hr in chamber

Maximal Exercise: twice before control day
Cold pressor test: on control day afternoon
Respiratory (metabolic)

Day 1: Day 2:
6:30 PM + arterial blood 8:30 AM (1) + arterial blood
1:30PM (6)

6:30 PM (12) + arterial blood
Symptoms (LL+VA’s)

Day 1. Day 2:
2:30 PM (practice) 6:30 AM (0)
6:00 PM add ESQ 8:00 AM (1) add ESQ

1:00 PM (6) add ESQ
6:00 PM (12) add ESQ
8:30 PM, Post MRI

Heart rate & blood pressure

Day 1: Day 2:
6:30 PM 8:30 AM (1)
1:30 PM (6)
6:30 PM (12)

Coanitive testing
Day 1. Day 2:
2:00 PM (practice) 8:30 AM (1)
6:30 PM 1:30 PM (6)
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6:30 PM (12)
Spirometry
Day 1. Day 2:
6:30 PM 8:30 AM (1)
1:30 PM (6)
6:30 PM (12)
Fluids:

1) TBW (D,O) Day 1: Drink 4:00 PM - sample 6:00 and 7:00 PM
Day 2: Drink 4:00 PM - sample 6:00 and 7:00 PM
(2) ECW (NaBr) Day 1: Drink 4:00 PM - safnple 6:00 and 7:00 PM
Day 2: Drink 4:00 PM - sample 6:00 and 7:00 PM
(3) Plasma Volume (Evans) Day 1: Inject 4:00 PM- sample 4:10 PM, 4:20 PM, 4:30 PM
Day 2: Inject 4:00 PM- sample 4:10 PM, 4:20 PM, 4:30 PM

(4) TCER (Evans) Day 1: Inject 4:00 PM- sample as above plus 5:00, 6:00 PM, 7:00 PM
Day 2: Inject 4:00 PM- sample as above plus 5:00, 6:00 PM, 7:00 PM

(5) Urine (volume):
Day 1:
6:00 AM and balance
4:00 PM and drink
7:00 PM (collect), ad lib

Day 2:
5:00 AM and balance
7:00 AM and drink (0)

10:00 AM (collect, 0-3) and drink
1:?00 PM (collect, 3-6) and drink
4100 PM (collect, 6-9) and drink
7:00 PM (collect, 9-12) and ad lib
8:30 PM post MR, (collect)

Albuminuria, urine elect, osmol and creatinine for GFR

Day 1: Day 2:

7:00 PM 10:00 AM (1)
1:00 PM (6)
4:00 PM (9)
7:00 PM (12)

8:30 PM (post MRI)
Venous blood: creat (for GFR), elect, PP, os}mol, PD, Hct, 6 hormones, extra plasma
Day 1: Day 2: |
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6:00 PM 8:30 AM (1)
1:00 PM (6)
6:00 Fi’M (12)
Venous blood: progesterone Day 1: 7:00 AM Day 2: 6:00 AM
Venous blood: Epi, Norepi Day 1: taken béfore and during last min of CPT.

The basic assumption for this study is that as subjects develop AMS symptoms, the
progressive severity will correlate with many of the variables measured during the course of
the altitude exposure, thus helping to explain the pathophysiology. The exercise, autonomic
and ventilatory measurements taken before the chamber exposure may serve similar purposes
and will also be substantiated regarding their validity in predicting AMS for individuals,

menstrual cycles and oral contraceptives.

B. Results and Discussion

&

We present here the data collected énd analyzed to date. Some of the analyses will be
performed by other laboratories and are not yet available because these are best run in batch.
(Catecholamines by Dr. Kamimori at Walter Reed and aldosterone, atrial natriuretic peptide,
antidiuretic hormone and plasma renin by Dr. Hinghofer-Szalkay at the University of Graz,
Austria). To date we have performed 10 corﬁplete experiments. These include 5 male
subjects, 2 females in both menstrual phases and another female in the follicular phase. We
currently have seven eumenorrheic women and 5 men waiting to be tested, who have all

completed pretesting. Six more women and six men are in various stages of pretesting.
Symptom Scores: Table 1 shows the Lake Louise Symptom Scores obtained on the

subjects. These show the expected variations among individuals. A ranking of the subjects
based on mean AMS score has been made: Based on the minimum criterion of a score of 2,
with a headache of 1, as indicating the presence of AMS (2), 8 of the subjects had AMS and
subject F-2(L) and M-4 did not. The five wo}nen’s average scores tended to be lower (P<0.10)
than the male’s (1.5 vs. 3.3). Itis notable thét significant AMS was still present in 6 subjects
after the MRI scan, some 1.5 hours after the subjects had beenin a normgl oxygen
environment. In the two women studied in each menstrual phase there was a tendency for the

AMS to be lower in the luteal phase.




Table 1. Age, serum progesterone (ng/mi) and Lake Louise symptom scores
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12 hr before (C12), at 1, 6, and 12 hr (A1, A6, A12) and 1.5 - 2 hr after altitude

exposure (post).

SUBJ  |AGE PROG |C12' |A1T  JA6'  |A12'T [POST' [MEAN* |RANK
F-1(F) 25 0.3(2(0) 1(1) 3(1) 1(1) 1(0) 1.7 6
F-1(L) - 12.8|0(0) 1(0) 3(1) 1(1) 1(0) 1.7 7
F-2(F) 32 0.3]0(0) 0(0) 2(0) 3(1) 2(2) 1.7 5
F-2(L) - 10.9{1(0) 1(0) 1(0) 1(0) 2(1) 1 9
F-3(F) 27 0.4/0(0) 0(0) 1(1) 3(2) 3(3) 1.3 8
M-1 32|- 1(0) 3(0) 5(1) 6(2) 6(2) 4.7 3
M-2 23|- 2(1) 0(0) 6(0) 9(3) 10(3) 5 1
M-3 26|- 1(0) 4(1) 3(1) 8(3) 8(3) 5 2
M-4 25(- 0(0) 0(0) 0(0) 0(0) 0(0) 0 10
M-5 30}- 0(0) 0(0) 2(1) 3(2) 1(1) 2 4

* Mean from three values at altitude.

t Scores are totals, with headache score in parentheses
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Ventilation: The ventilation is shown in Table 2. The subjects increased ventilation
about 24% during the three altitude measurements in relation to normpxia baseline. The
percentage increase was not correlated significantly with AMS score (r = -0.03). The percent
increase in ventilation at simulated altitude was greater for males than females (P<0.05) and
there was no consistent difference with menstrual cycle in the two females studied. The acute
hypoxic ventilatory sensitivity , as measured with the 3-breath nitrogen test and shown in Table
3, did not show any clear difference within subjects during the 12 hours at altitude or between
the altitude tests and the baseline tests the day before in normoxia. This measurement also
did not correlate significantly with AMS score (r = -0.23). The average score between men
and women was about the same and menstrual phase did not alter the value between the two
women.

Arterial blood gases: These results are shown in Table 4. The arterial blood pH
increased significantly from the 2nd to the 12th hour at altitude by an average of 0.027 pH

units. The PCO; fell by 4 mm Hg, although the ventilation remained a‘i'aout the same. The
calculated increase in base excess (3) is apbroximately 1.0 mEqg/L over the 10 hours,
indicating the elimination of bicarbonate by fhe kidneys over this relatively short time at
altitude. The arterial PO, increased by 3 mm Hg on the average and increased the arterial O;
saturation from 83 to 84%. Table 4 also shows the change in the end-tidal (alveolar) - to -
arterial PO, difference measured during the '2nd and 12th hour. The mean difference was
reduced by about 1 mm Hg, indicating that ¢as exchange efficiency may have improved and
that there was no greater diffusion impairmént or shunt at A12 than at A1. The arterial -
alveolar PCO; also declined during the altitude exposure, diminishing by 3 mm Hg. This
demonstrates a general absence of any increase in ventilation/ perfusion mismatch over time
at altitude. There was no correlation between these alveolar - arterial differences and AMS
symptom scores. The blood gas values alsc) did not show a relationship with AMS scores. No
appreciable differences were seen betweenfmales and females or beﬁween menstrual cycles.
Body water: The analyses for the ccémpleted runs have not all bee'h performed
because the analyses are done at another dbmmercial laboratory. From the values shown in
Table 5, it is apparent that the A12 values for extracellular water (ECW) are, on the average,
unchanged from the preceding control day. ;An increase in ECW would be supportive of
generalized edema, which would be anticipated to be directly related to AMS symptoms. The
values for total body water (TBW) show sméill changes, averaging 3% less at altitude. The
difference between these two measures is intracellular water (ICW), which gave an average




Table 2. Ventilation (L/min) 12 hr before (C12) and
after 1, 6, and 12 hr (A1, A6, A12) of altitude exposure .

SUBJ [c12 Al A6 A12 A%
F-1(F) 10 7.8 6.1 6.5 -32
F(L) 6.7 9.3 9.1 7.8 30
F-2(F) 9.2 12 12.9 12.1 34
F-2(L) 10.5 10 79 9.3 13
F-3(F) 7.1 76 6.7 8.7 7
M- 51|- 8.1 9.9 65
M-2 8.2 10.4 10.6 10.7 29
M-3 10.5 13.7 116 10.4 13
M4 8 14.3 16.1 17.6 101
M-5 7.4 111 115 93 45
MEAN" 8.3 10.7 10.1

A% : Percent change at altitude vs. C12

Table 3. Acute ventilatory respohsé to 3 breaths of
100% N2 12 hr before (C12) and after 1, 6, and 12 hr
(A1, A6, A12) of altitude exposure .

SUBJ [c12 A1 A6 A12 MEAN*
F-1(F) 7 5 5 12 7
F-1(L) 17 5 12 22 6
F-2(F) 86 58 73 33 63
F-2(L) 45 50 57 68 55
F-3(F) 35 6 61|- 34
M-1 31[- 75 33 46
M-2 3 32 15 42 22
M-3 3l- - 38 21
M-4 43 40 30 65 45
M-5 23 39 22 25 27

* Mean ventilatory response for each' subject.
Values are percent increase in ventilation (measured
for 35 sec) following N2 onset.

15




Table 4. Arterial blood gas values during the 2nd and 12th hr (A1, A12) at altitude.

A1 A12
SUBJECT|PO2 PCOz _ |pH PO2 PCO2  |pH APO2 |APCO2
F-A(F) 44 355 7.43 48.5 30 7.47 6.4 8.2
F-A(L) 45 30 743 49 25 7.45 0.1 2
F-2(F) 50 36 7.44 50.5 315|  7.465 16 2.9
F-2(L) 43 29 7.44 475 26]  7.465 18 12
F-3(F) 52 31 7.465 63.5 25| 7.495 37 17
M-1 475 26 7.52
M-2 49 315|  7.415 475 295|  7.435 16 1
M-3 48.4 36.1 7.45 52.7 283  7.49 52 6.9
M4 51.3 32 742 525 30 7.44 31 18
M-5 47 36.5|  7.435 425 335 7.45 32 22
MEAN 47 33| 7.442 50 29| 7.469 1 3

A PO2: End-tidal minus arterial PO, difference
A PCO2: Arterial minus end-tidal PCO, difference

Table 5. (a) Extracellular water (L) and (b) total body water (L) on control day

and during last 3 hr at altitude.

(a)

SUBJECT|C12 A2 A% "
F-1(F) 9.3 10.1 8
FAL) |- - -

F-2(F) 14.6 14.6 1
F-2(L) 14.0 13.3 5
F-3(F) - 10.0 1.7 17
M-1 17.4 16.6 5
M-2 18.6|- -

M-3 16.2 15.8 2
M-4 18.6 18.3 A1
M-5 15.5 13.8 A1

(b)

SUBJECT|C12 A12 A%h*
F-1(F) 25| 242 -3
FAL) |- -

F-2(F) 37.6 35.8 5
F-2(L) 36.6| 384 5
F-3(F) 276| 282 2
M-1 46| 445 3
M-2 51.6|-

M-3 51.1 458 10
M-4 50.5]  46.9 7
M-5 442|447 1

16
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decline of 4%. These limited data show no clear differences related to gender or menstrual
phases. |

Urine Volume: All subjects reduced their urine volume during exposure to altitude, by
140 ml/hr or 37%, when comparing the values from the first half of the exposure with those
from the second half (Table 6). When comparing A12 with C12, a significant correlation was
noted between the urine volume decline and AMS symptom scores (r = -0.74, P<0.02). The
two subjects who did not have AMS increased their urine volume at A12 relative to the control
value.

Urine albumin: Albuminuria has been reported in longer exposures to real altitude and
has been associated with AMS (4). Our measurements show, in general, that albumin
increased with time at altitude. However, the correlation with AMS and differences between
men and women are not yet apparent from the values shown. Interestingly, one of the women
and two of the men demonstrated a transierit rise in urine albdmin at 6 - 9 hours, coinciding
with the ihcrease in their AMS scores. Most subjects had detectable albumin (above 200
micrograms/dL) in their urine collected 1-2 hours after the altitude exposure.

Plasma volume: The plasma volume (PV) values, measured with Evans blue dye, are

shown in table 7. These values were obtained from zero-time extrapolation of a 3-hr decay
curve of dye injected at the same time of day on the control day and after 9 hours at altitude.
Samples were taken at 10, 20, 30, 60, 120, and 180 minutes after injection of 12 mg of dye.
On the average the PV was 3% lower at altitude than during C12. It showed the greatest
decline in the two subjects, F-2(L) and M-4, who did not have AMS. In fact, the percentage
decrease in PV was highly correlated with the AMS scores (Table 1) with anr = 0.80, (P<
0.01). ! g

Transcapillary escape rate (TCER): j’hese values are also shown in Table 7, as
determined from the decay slope of the dyef determined over 3 hours. The values are
expressed as the percentage change in dye“ concentration per hour, which is representative of
the rate of albumin loss from the vascular space per hour. Overall, the TCER was greater at
altitude than on the corresponding control déy. The change in TCER at altitude was related
significantly (P<0.05) with the AMS scores (r = -0.69). This suggests that TCER is increased in
subjects who develop AMS. |

Magnetic Resonance Imaging (MRI) data collection and analyses: Every subject has
undergone MRI at the end of the control day and at the end of the altitude chamber day. The
MRI data collected include a) T1 weighted 3}D dataset, b) T2 weighted se;lies of image slices




Table 6. (a) urine volume (mi/hr) and (b) urine albumin (p/dl)

12 hr before (C12), after 1, 6, and 12 hr (A1, A6, A12) during,
and 1.5 - 2 hr after altitude exposure (post).

(a)

SUBJECT|C12 A3 A6 A9 A12 POST
F-1(F) 110 201 33 49 23 47
F1(L) 203 163 83 8 140 20
F-2(F) 564 393 415 336 369]-

F-2(L) 471 431 697 361 558 67
F-3(F) 341 621 601 293 415 90
M-1 893 628 114 215 147 233
M-2 647 382 65 57 200 167
M-3 - - 303 370 380 97
M4 227 443 644 167 293 400
M-5 151 387 491 259 293 60
MEAN 383 395 351 213 254 136
(b)

SUBJECT[C12 A3 A6 A9 A12 POST
F-1(F) |ND ND 3650] 1060 372|ND
F1(L) |ND ND 416| 4860 341 619
F-2(F) |ND ND ND ND ND 270
F2(L) |ND ND ND ND ND 676
F-3(F) 204[ND ND ND ND 310
M-1 500[ND 750 250|ND 750
M-2 ND 330 934 573|ND 287
M-3 ND ND ND ND ND ND

M-4 ND ND ND ND ND ND

M-5 234|ND ND ND ND 639
MEAN 94 33 575 674 71 355

ND are nondetectable values (< 200 p/dl)




Table 7. (a) Plasma volume (ml) and (b) transcapillary escape rate (%/hr) on

control day and during last 3 hr at altitude.

(a)

SUBJECT|C12 A12 A%
FA(F) 2138 2105 1.5
F-1(L) 2147| 1995 71
F-2(F) 3553 3407 4.1
F-2(L) 3478 - 2926] -15.9
F-3(F) 2525 2402 4.9
M- 3196 3401 6.4
M-2 3897| 3947 1.3
M-3 3749| 3827 2.1
M-4 5144| 4582 -9.1
M5 4214] 4184 0.7
MEAN 3404| 3287

19
(b)
SUBJECT[C12 A12 A%
F-1(F) 9.4 -5.8 3.6
F-1(L) 5.2 -6.4 1.2
F-2(F) -5.1 -4.9 0.3
F-2(L) 59 -126 -6.6
F-3(F) -5.1 -2.9 2.2
M-1 0.6 9.1 9.7
M-2 2.2 -3.9 6.1
M-3 -49] 135 -8.6
M-4 2.7 1.3 1.4
M-5 -14.2 -8.3 5.9
MEAN -5 6.9
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through the cerebellum and cerebrum, c) Magnetization Transfer Contrast (MTC) slice series
and d) Diffusion weighted slice series.

The T1 weighted 3-D data set is used to orient the slice selection so that the slices
match on the control and post altitude days. This data set is also being analyzed to evaluate
the brain for any changes in tissue volume. As demonstrated in the attached images from
subject M-2 (Fig. 1: images a - d), 2-D images from the 3-D set are manually segmented into
the cerebellum, brainstem above the first cervical vertebrae and cerebellum. Using a
consistent signal thresho'd in each pixel, the pixels are identified as tissue or non-tissue for
each region. The tissue volume is calculated by counting the pixels from all of the 2-D images
in the 3-D dataset from each segmented region of the brain. The parts of the analysis that are
operator-dependent have the operator blinded to which part of the protocol the images came
from.

The T2 weighted, MTC and Diffusion weighted images are placed and oriented in the
same region of the brain for each study by localizing the slices using Iandmarks from the 3-D
T1 dataset. This allows subtraction of thesé images for data analysis as shown in Fig. 2. This
figure depicts T2 images from subject M-3, whereby the image obtained after altitude exposure
(Post) has been subtracted from the control ‘image the day before (Pre) to.give the “Post minus
Pre” image. Due to minor localization differénces, brain pulsatility, and subject motion, the
image margins are of limited use. However,i as little as a 3 to 5% signal difference in larger
tissue regions is quite evident after image subtraction.

Other results: Data pertaining to diet during the control and altitude day are also
compiled from analyses of diet records. Specifically, amounts of carbohydrates, fats, protein,
calories, sodium and potassium are obtained. The fluid intakes are available to be tabulated to
compute fluid balance, once a sizable number of subjects have been studied.

From the “correlative” tests we have other values to characterize the subjects. These
include the maximal exercise responses of \éentilation, heart rate, oxyéen uptake and
perceived exertion, the hypoxic and CO; verjmtilatory sensitivity and heart rate, blood pressure,
perceived pain and the catecholamine respcﬁnse to the cold pressor test. |

The cognitive tests include the following seven tests as part of the Walter Reed
Performance Assessment Battery (PAB) of tiests utilized by the Army: a) Choice Reaction
Time, b) Logical Reasoning, ¢) Delayed Recall, d) Code Substitution, €) Stroop, f) Stanford
Sleepiness Scale and g) Profile of Mood Sta:'tes. The “AMS-C” score, as obtained from the
Environmental Symptoms Questionnaire, is élso computed and will be used in addition to the




Figure 1: One slice from'a T, weighted 3D data set with the cerebellum,

brainstem and cerebrum segmented manually (purple line, Fig. 1a).
The pixels identified as tissue are labeled with blue for the cerebrum (b),

the cerebellum (c), and the brain stem (d).

21
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Lake Louise AMS scores to determine AMS severity. These are all compiled on appropriate
software while they are given on the control day and three times during altitude exposure after

1,6, and 12 hour.

Various other indices related to fluid homeostasis, in addition t:) the directly measured
hormones, will be calculated from measurements being compiled. These include: sodium and
potassium excretion and clearance, glomerular filtration rate, free water clearance from plasma
and urine osmolality measurements and total blood volume. Most of these measures of fluid
balance and regulation will be available serially during the exposure from analyses of the
venous blood and urine samples.

All data is being compiled and stores on an EXCEL template. We have essentially
completed the formatting of data storage and it will be accumulating as subsequent tests are

completed.

C. Recommendations to Statement of Work

| i

The objectives of the original statément of work remain unchanged, i.e., to
determine whether symptoms of AMS are altered by a) menstrual cy?le phases and b)
by oral contraceptives. We are on the schedule originally given to complete the
experiments on the men. We will not be able to adhere to the original schedule calling
for the completion of experiments on 18 women in both menstrual phases in 16 months.
In order to compensate for this delay in the long run, we will begin testing women on
contraceptives concurrently instead of waiting until the third year. In: this way we
should be nearer the overall time table for the three-part study after the second year.

CONCLUSIONS

In five men and three women (two stﬁdied twice) we have observed the range of AMS
scores expected when volunteers of this agé'range are randomly selected. Results pertaining
to ventilation, blood gases, and diuresis weré as ‘anticipated based on previous studies.
Provocative preliminary data suggest that a loss in plasma volume at altitude may be beneficial
in deterring AMS and that an increase in transcapillary escape rate is detrimental. Any

[
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generalized conclusions drawn from this few subjects is obviously premature in the overall

context of the planned study.
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Appendix 1

WORKING GUIDELINE FOR EXPERIMENTAL TASKS AND
PROCEDURES

DAY 1 (CONTROL)

“Morning Baseline”procedures
6:00 - 6:30 AM 1)Subject voids overnight urine and measures volume

25

2) Drinks water (and/or breakfast drink) to total 1,000 ml (or as adjusted for

sleep time) when added to urine volume

3) Eats standard breakfast and drinks water or juice, etc., in

-addition, to total 0.5% ¢ body weight. Can have c¢ne cup of
coffee/tea, if usual, included in the above

Subject reports to the chamber laborator’ at 1:00 PM and remains there for the rest of
that day. '
1:00 -3:00 PM 1) Record body weight and attach EKG electrodes
2) Insert venous cannula
3) Venous blood draw, (if female, progesterone onIy)
4) Practice Symptom scores (LL, VA's, ESQ)
5) Practice Cognitive tests twice
6) HVR (poik, poik, iso) and HCVR and 3-breath N; and O, tests
7) Cold pressor test: measure baseline BP, HR, epi and norepi. Then_
BP and HR and pain index every min for 5 min and draw sample for epi
and norepi during the last min.

3:30-4.00 (1) Void Urine and drink to equal volume
(2) Eat snack i '
(3) Record weight ‘7 oo
(4) Draw baseline for Evans, NaBr and D,O ’

4.00 (5) Drink D,O-NaBr cocktail, record exact time
(6) Inject Evans, record exact time (e.g. 4:00 PM)
4:10 Venous blood (Evans) , ‘record exact time
4:20 Venous blood (Evans) , record exact time
4:30 Venous blood (Evans) ,irecord exact time
5.00 Venous blood (Evans) , frecord exact time :
5:00 - 6:00 Check stick-on electrodfs Then subject rests quietly, Ilghts out, to be at

basal state for subsequent hormone draw, calibrate and update
Consentius metabolic device

6:00-7:00 PM “Hour 12:00” Control measurements
1)Venous blood (Evans, NaBr, D;0, 6 hormones, extra plasma elect,
creat, PP, osmol, PD, Hct), record exact time
2) Spirometry '
3) Symptoms (LL, VA’s, ESQ)

|
|
|
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4) Cognitive testing ;

5) Check “record” button on Consentius to record following resp. file

6) Anesthetic for arterial, calibrate and set end-tidals

7) Respiratory measurements (plus end-tidal, BP, HR)

8) Arterial Blood ‘ i

9) “End test” on Cons. and save Cons. file to appropriate HRV directory

and rename as “3-breatp” for next test

10) 3-breath N, test (twice) and 3-breath O (once), record end-tidal cals
(7:00) 11) Venous blood (Evar)ls, NaBr, D,O) , record exact time

12) Void urine, collect sample, (protein, elect, creat, osmol), and drink ad

lib |

13) Record weight | |

14) Record body temp -

Remove catheter

(7:15-7:30) Go to VAMC for baseline MRI
Symptom scores (LL, VA’s) after MRI
Prescribed evening meal after MR

DAY 2 (ALTITUDE CHAMBER)

5:00 - 5:30 AM Subject arrives at chamber with overnight urine (if, necessary)
1) Voids overnight urine (volume only)
2) Drinks water(and/or breakfast juice) if needed to total 1,000 ml with
urine volume i ’
3) Eats standard breakfast and drinks water or juice, in addition, to total
0.5% of body weight |

5:30-6:30 4) Insert venous catheter ,
5) Venous blood draw, if female (progesterone only) -

“Normoxia Baseline” measurements

6:30-6:45 1) Symptoms (LL+ VA’s)
2) Void and drink

6:45-7.00 Enter chamber, ascent to 426 mm Hg (16,000 ft)
1) Set “Time zero” on clock
2) Record weight

3) Record body temp !
7:30-8:00 Rest and lights out for siubsequent hormones

“1 hr” measurements at altitude
8:00-9:00 AM 1) Venous blood ( 6 hormones, extra plasma, elect, creat, PP, osmol, PD,
Hct) X
2) Spirometry ‘
3) Symptoms (LL, VA’s, ESQ)
4) Cognitive testing , 1
5) Check “record” button on Consentius to record following resp. file
6) Anesthetic for arterial, calibrate and set end-tidals
7) Respiratory measurements (plus end-tidal, BP, HR)




10:00

11:00 AM -12:00
12:30-1:00
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8) Arterial Blood
9) “End test” on Cons. and save Cons. file to appropriate HRV directory
and rename as “3-breath” for next test

10) 3-breath N, test (twice) and 3-breath O (once), record end-tidal cals
11) Record body temp ,

1) Void urine (0-3 hr mterval) and collect (protein, elect, creat ,osmol) and
drink
2) Record body weight

Lunch Time
Rest and lights out for subsequent blood draw

“Hour 6” measurements at zltitude

1:00-2:00 PM

3:30-4:00

4:00

4:10

4:20

4:30

5:00

5:00 - 5:30
5:30-6:00

1) Venous blood (6 hormones, extra plasma, eleci, creat, PP, osmol, PD,
Hct)

2) Void urine (3-6 hr interval) and collect (protein, elect, creat ,osmol) and
drink

3) Record body weight -

4) Spirometry

5) Symptoms (LL, VA’s, ESQ)

6) Cognitive testing

7) Check “record” button on Consentius to record following resp. file

8) Respiratory measurements (plus end-tidal, BP, HR)

9) “End test” on Cons. and save Cons. file to appropriate HRV directory
and rename as “3-breath” for next test

10) 3-breath N, test (twice) and 3-breath O (once), record end-tidal cals
11) Record body temp

1) Void urine (6-9 hr interval)and collect (protein, elect, creat, osmol) and
drink, .

2) Snack time {

3) Record body weight °

4) Draw baseline blood for D20, NaBr, Evans

5) Drink D,O-NaBr cock'ail, record exact time

6) Inject Evans, record exact time (e.g. 4:00 PM)

Venous blood (Evans) , record exact time

Venous blood (Evans) , record exact time

Venous blood (Evans) , record exact time

Venous blood (Evans) , record exact time

Check stick-on electrodes

Subject rests quietly, lignts out, to be at basal state for subsequent
blood draw, calibrate and update Consentius

6:00-7:00 “Hour 12:00” Altitude measurements

1) Venous blood (Evans, NaBr, D.O, 6 hormones, extra plasma, elect,
creat, PP, osmol, PD, Hct) , record exact time

2) Spirometry ‘

3) Symptoms (LL, VA’s,.ESQ)




(7:00)

7:00-7:15

7:15-7:30

28

4) Cognitive testing ! i

5) Check “record” button on Consentius to record followmg resp. file

6) Anesthetic for arterial, calibrate and set end-tidals

7) Respiratory measurements (plus end-tidal, BP, HR)

8) Arterial Blood

9) “End test” on Cons. and save Consc. file to appropriate HRV directory
and rename as “3-breath” for next test

10) 3-breath N, test (tW|ce) and 3-breath O, (once,, record end-tidal cals
11) Venous blood (Evarps NaBr, D;0) , record exact time

12) Void urine (9-12 mterval) collect, (protein, elect, creat, osmol) and
drink ad lib

13) Record body temp
14) Record weight

Remove catheter ‘
Descend to “Albuquerque”

Place subject on 13.5% O; and transport to VA Medical Center for MRI
1) Symptoms (LL+VA) after MRI ‘

2) Void urine and collect (volume, protein, creat, elect, osmol), record

time after MRI '
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